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ALICE is the dedicated heavy-ion experiment at the Large Hadron Collider (LHC). It is 
designed to provide excellent capabilities to study the quark-gluon plasma (QGP) in the 
highest energy density regime opened up by the LHC. Quarkonia are crucial probes of the 
QGP. High-precision data from pp collisions are an essential baseline, and serve as a crucial 
test for competing models of quarkonium hadroproduction. ALICE measures quarkonia down 
to pt = via their decay channels into e + e~ at central (|y| < 0.9) and into pi + fi~ at forward 
rapidity (—4.0 < y < —2.5). We present first results on the transverse momentum and rapidity 
distributions of the inclusive ]/ ip production cross section in y/s = 7 and 2.76 TeV pp collisions. 
The dependence of the ]/xp yield on the charged particle multiplicity in y/s = 7 TeV pp 
collisions is discussed. Finally results on the inclusive J/ ip production in ^s^n = 2.76 TeV Pb- 
Pb collisions, the nuclear modification factor R AA and the central-to-peripheral modification 
factor Rq P are shown. 

Various models are describing the production of quarkonia in hadronic reactions such as 
proton-proton collisions. Three of the most popular ones are the Color Singlet Model, the 
nonrelativistic QCD approach (NRQCD) and the Color Evaporation Model [1-3]. So far 
their predictions do not fully reproduce the experimental observations such as differential 
cross sections or polarization, or many free parameters limit their predictive power. Precise 
measurements at a new energy regime will give new constraints to theory. Quarkonia, such 
as the }/ip serve as a crucial probe to study the quark-gluon plasma (QGP) in heavy-ion 
collisions. The original prediction was a strong suppression of quarkonia yields [4] by 
color-screening of the QQ pairs in the colored medium. This effect might depend on the 
binding radius of the different states and on the temperature of the fireball [5]; thus, a 
stronger suppression of higher excited states could even reflect the temperature of the 
medium. In central heavy-ion collisions at LHC energies ]/rp yields could also be affected 
in another way: charm quark pairs are abundant enough so that a statistical or kinetic ]/ip 
formation out of uncorrelated cc pairs might become dominant [6,7]. Furthermore, initial 
state effects such as shadowing - the modification of the parton distribution function of a 
nucleon inside a nucleus [3] - have to be taken into account. Final state effects like nuclear 
absorption are expected to be negligible at LHC energies. A measurement of such effects in 
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ALICE preliminary 
pp, 2.5<y<4 

• \s-7 TeV, L=13.3 nb 1 (arXiv:1105.D380) 

• Ns=2.76 TeV, L=20.2 nb' 
| | \fs=7 TeV, CS+CO NLO 

(M Butenschoen et al., arXiv:11 05.0820) 

\s=2.« TeV, CS+CO NLO 

(M Butenschoen et al., priv. comm.) 
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Figure 1 : Differential J/i/> cross sections versus rapidity in 7 TeV pp collisions (left) and 
transverse momentum in 7 and 2.76 TeV pp collisions (right) [9, 11-13] 



p-A collisions will be crucial for drawing final conclusions; any modification of the yields 
stronger than expected will provide insights into the created medium. 

The ALICE [8] setup can be divided into two parts: the central rapidity detectors (| tj \ < 0.9) 
and the forward muon spectrometer (—4.0 < rj < —2.5). For this analysis, in the central 
barrel, mainly two detectors are used: the Inner Tracking System (ITS) and the Time 
Projection Chamber (TPC). The large-volume TPC serves as the main tracking device. 
Furthermore it provides particle identification via the specific energy loss dE/ dx in the 
detector gas. Consisting of two layers each of silicon pixel, silicon strip and silicon drift 
detectors, the ITS provides high precision vertex reconstruction and tracking, improving the 
momentum resolution. The muon spectrometer consists of a 10 plane cathode pad chamber 
tracking system behind a frontal absorber and a 4 plane resistive plate chamber trigger 
system further downstream behind an iron filter wall. Muons with a momentum above 
4 GeV/ c are filtered and detected. In both channels, quarkonia are measured over a broad 
range of transverse momenta down to p t = 0. Finally, the VZERO detector, made of two 
scintillator arrays covering the pseudo rapidity ranges —3.7 < rj < —1.7 and 2.8 < t] < 5.1, 
is used for triggering purposes and collision centrality determination. 

Energy System Year LQ/tp —> e + e~) LQ/xp —> 

7 TeV pf> 2010 3.9 nb" 1 15.6 nb" 1 

2.76 TeV pp 2011 1.1 nb" 1 20.2 nb" 1 

2.76 TeV Pb-Pb 2010 2.7 ^b" 1 2.7 pb' 1 

Table 1 : Integrated luminosities of the analyzed data samples 
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The J/tp production was measured in y/s = 7 and 2.76 TeV proton-proton collisions [9, 10]. 
Table 1 shows the integrated luminosities of the two samples, both for the data recorded 
in the central barrel and the muon spectrometer. For the central barrel analysis, these 
are corresponding to the minimum bias trigger, defined as the logical OR between the 
requirement of at least one hit in the two ITS pixel layers, and a signal in one of the two 
VZERO detectors. For the muon analysis, also a coincidence with a track reconstructed 
by the muon trigger electronics is required. Differential cross sections have been obtained 
by the analysis of invariant mass spectra in different p t and y bins [9]. Presented are 
inclusive results, containing contributions from direct J/tp production and feed-down from 
higher mass quarkonia and B hadron decays. The left panel of Fig. 1 shows the obtained 
rapidity dependence of the J/tp production at a/ s = 7 TeV. Red circles correspond to the 
measurement in the e + e (|y| < 0.9), blue triangles to the result in the p + p~ (—4.0 < 
y < —2.5) decay channels. While at forward rapidity results of other experiments (green: 
LHCb [11], magenta: CMS [12]) are in good agreement, ALICE is the only experiment at 
the LHC which is able to measure J/tp down to p t = and thus directly measure the p t 
integrated cross section at midrapidity. The right panel of Fig. 1 shows the measured p t 
spectra in the di-muon decay channel for the two different available beam energies. A Next 
to Leading Order (NLO) NRQCD prediction [13] is in good agreement with the data. For 
the first time, the dependence of the ]/ip production on the charged particle multiplicity 
has been measured in pp collisions. Figure 2 shows the results of the analyses in the e + e 
(red circles) and the p + }i~ (blue triangles) decay channels. The multiplicity is normalized 
by the mean charged particle multiplicity [14] and has been determined in a pseudorapidity 
range of \t]\ < 1.0 by counting the number of tracklets found in the ITS pixel detector. 
The J/tp yield per event in a given multiplicity bin is normalized to the inclusive yield 
per inelastic pp collision. An approximately linear increase with multiplicity is observed 
in both rapidity ranges. In the highest multiplicity bin, corresponding to approximately 
5 times the minimum bias multiplicity, a J/tp yield of around 6 times the minimum bias 
yield is found. The strong dependence of the J I tp production on the event multiplicity is an 
intriguing result that needs a theoretical interpretation. 

In fall 2010 the LHC collided Pb beams for the first time. Table 1 summarizes the integrated 
luminosity used for the analysis. The collision energy of a/snn = 2.76 TeV is almost 14 
times higher than the energies reached at RHIC before. Having pp data recorded at the 
same energy allows to calculate the nuclear modification factor Raa = Ypb-Pb/ (^coii) ^pp 
for different Pb-Pb collision centralities. (N co \\) corresponds to the average number of 
binary nucleon-nucleon collisions in a given centrality class. A Raa equal to unity indicates 
no modification in heavy-ion collisions with respect to pp collisions. The left panel of 
Fig. 3 shows as red squares the result of this measurement as a function of (Np art ), the 
number of nucleons participating in the collision. To account for the bias due to the large 
centrality bins, (N par t) has been weighted by N co ii [15]. Already for peripheral collisions 
((Npart) — 70), a suppression of the J/tp yield is observed and Raa is about 0.6. For 
more central collisions, the Raa exhibits only a weak change. The data are compared 
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Figure 2: The measured multiplicity dependence of J/ ip production in 7 TeV pp collisions 



■ ALICE (Pb-Pb\[s^ = 2.76 TeV), 2.5<y<4, p t >0 (preliminary) 
o PHENIX (Au-Auy/s^ = 0.2 TeV), 1.2<lyl<2.2, P t >0 (arXiv:1103.6269) 
t PHENIX (Au-Au\/s^ =0.2 TeV), lyl<0.35, p >0 (nucl-ex/061 1 020) 
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Figure 3: Left: R AA at = 2.76 TeV compared to PHENIX results [16] at ^/s^ 

0.2 TeV, right: R CP at y^JN = 2.76 TeV compared to the ATLAS result [17] 



to results from the PHENIX experiment at RHIC [16] in green diamonds at central and 
in blue circles at forward rapidity. For central collisions the observed suppression is 
smaller than at RHIC, yet it has to be taken into account that shadowing and nuclear- 
absorption cross sections are expected to be different at the two energies. Also, the energy 
density at a given N pa rt presumably differs. A closer look into the difference of central and 
peripheral collisions can be obtained by calculating the central-to-peripheral modification 

factor R CP = ^Fb-Pb/ ( N cof) Y Pb-Pb- There ' the Y ields ^ the different centrality 

classes are divided by the corresponding average number of binary collisions. As reference, 
the most peripheral bin is used. Due to limitations in statistics it is currently set to a rather 
broad range of 40-80 %. An advantage of this variable is that many systematic uncertainties 
cancel out in the ratio. The right panel of Fig. 3 shows the measured Rep as a function 
of the centrality. Red squares correspond to the ALICE result at forward rapidity. The 
challenging measurement in the di-electron channel at midrapidity (blue circles) agrees 
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within its errors; its precision will be improved in the next LHC Pb-Pb run. A similar 
conclusion can be drawn as from the Raa result: compared to the most peripheral bin, a 
weak centrality dependence is observed. On the other hand, high p t J/ ty, measured by 
ATLAS above 6.5 GeV/ c, show a stronger suppression in central (0-10 %) events [17]. 

In summary, the inclusive ]/xp production has been measured both in pp and in Pb-Pb 
collisions. In pp, differential cross sections have been obtained for two different beam 
energies and rapidity ranges. An approximately linear increase of the ]/xp production with 
the charged particle multiplicity is observed both at central and forward rapidity, which 
calls for theoretical interpretation. In Pb-Pb, both nuclear modification factors Raa and 
Rep have been measured. A significant suppression of the ]/ip yield is observed, with a 
weak dependence on centrality. At central events, a smaller suppression has been found 
compared to PHENIX results at much lower collision energies. 
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